Abstract. The Barley Committee of the Laboratory of Brewing in Helsinki, carried out a series of field trials from 1967 to 1969 to investigate the effect of the timing and the quantity of nitrogen fertilization on properties of malting barleys grown in Finland. This paper deals with a part of this project. The varieties were the two-rowed brewing barleys Ingrid, Arvo and Karri and the six-rowed enzyme barley Pirkka. As a basic fertilizing 59 kg phosphorus and 99 kg potassium per hectare were administered. Varying nitrogen levels (30 or 60 kg N per hectare) were given as saltpetre at harrowing (early) or on the sprouts (late). The nitrogen given early increased the yield in all varieties more than the late spreading. The treatment on sprouts increased the protein content of the yield. The difference in protein contents between the two spreading times was as big as the difference between the two nitrogen doses given at the same point of time. Ingrid and Pirkka reacted very sensitively to the late nitrogen fertilizing. Karri was least sensitive to the changes in nitrogen supply. The yearly fluctuations of the protein contents were bigger than the differences between varieties in each year. The order of varieties in regard to the protein content was the same in all trial years: Pirkka, Ingrid, Arvo and Karri. Besides the cultivation technique, e.g. placement of fertilizers, attention must be paid to the sensitivity of the varieties in increasing their protein content under changeable conditions.
High yields of malting barley presuppose a sufficiency of all the necessary nutritives even nitrogen in the soil. In the other hand, barley intended for brewing must not have too high a protein content (the upper limit in Finland is 12 per cent crude protein).
The nitrogen fertilization should therefore be such that this nutritive element is used up by the plants early during the vegetative phase of growth, so that there is not too much of it left in the soil when the plants start heading and taking nutritives to the developing kernels. Finland is the most northerly country aiming systematically at self-sufficiency in the production of malting barley. According to an EBC Barley Committee study, the protein content of barley rises most sensitively under the conditions prevailing in the fast-rhythmic northern summer (Lang 1966) . Under these circumstances, therefore, one of the main problems of growing barley for brewing is the rapid increase of its protein content above the critical limit for malting.
This paper deals with some of the results of a study begun in 1967 by the Barley Committee of the Laboratory of Brewing in Helsinki, to investigate the effect of the timing and quantity of nitrogen fertilization on the protein content and certain other properties 13 of malting barley varieties officially approved in Finland (Kivi 1971) . The reason for the study was that domestic production of malting barley was due shortly to be raised owing to the limitation of imports, and to the expectable growth of beer consumption following the lifting of restrictions on the sale of beer in Finland.
Performance of trials
Field trials were carried out from 1967 to 1969 on the Tammisto Experimental Farm (60°N) of the Hankkija Plant Breeding Institute. The soil was typical South Finnish clay with an acid subsoil of a kind commonly used for the cultivation of malting barley. In the same fields ordinarily one of the Finnish EBC Barley trials takes place.
The method used was split plots with three replicates. Each plot measured 8 sq.m.
The varieties grown were the two-rowed brewing barleys Ingrid, Arvo and Karri, and the six-rowed Pirkka which is used for other purposes in the malting industry thanks to its high enzyme activity (Kivi 1968) .
The plots were fertilized with a mixed phosphor-potassium fertilizer (P 7. To vary the time at which nitrogen became available to the plants, it was spread at two different times: 1) at harrowing, simultaneously with the phosphor-potassium fertilizer, 2) on the sprouts, approximately two weeks after their emergence. In the second case the nitrogen fertilizer was spread by hand as was customary formerly.
The crude protein content was analyzed by the Kjelldal method at the Peat Research Institute in Hyrylä. Statistical analyses were made by Snedecor's (1956) method and treated at Hankkija's computer centre.
Grain yield
Nitrogen increased the yields of all the varieties. Their reactions to the increased levels of nitrogen fertilizing were fairly similar; the later nitrogen application raised the yield less than the earlier treatment.
On the plots grown without nitrogen, the yields of all the two-rowed varieties were almost equal, the order being Karri, Arvo and Ingrid (Table 1) . Throughout the trial, the covariance of both the varieties and the fertilizing with the year of cultivation was significant, revealing the close dependence of the two first mentioned factors on the weather conditions prevailing in each growing season. The six-rowed, early ripening Pirkka was largely outyielded by the two-rowed ones: during the whole trial the Pirkka yields were only 62 % of those of Ingrid. Pirkka has not been a profitable variety under the conditions prevailing on South Finnish clay soils.
The relative poorness of its yields is aggravated by dry weather of the sort experienced during all three years of the trial.
The effectiveness of the early nitrogen treatment was highest at the higher nitrogen level (60 kg of N per ha). All the varieties yielded an average of 14 per cent more when the nitrogen was given early than when an equal amount was added at the later time.
The difference in grain yields between the two spreading times was thus almost similar to the difference between the two nitrogen levels (30 and 60 kg of N per ha) given at the same stage of development, which averaged 15 per cent. At the lower nitrogen level, the timing of fertilization did not have a noticeable effect on the grain yield. The amount of nitrogen was probably so limited that existing differences of soil fertility eliminated the differences in fertilization. At the higher nitrogen level the advantage of early treatment became particularly noticeable in the Pirkka. This variety also displayed the same trend at the lower nitrogen level, in which it differed from the two-rowed barleys. The covariance between variety and nitrogen level was significant. Contrary to the Pirkka, the two-rowed Karri also made good use of the nitrogen spread later: its grain yields decreased the least with later fertilization.
The average yields fell off from 1967 to 1969, owing to differences in the weather in those years.
Crude protein content
The use of nitrogen increased the crude protein content in all the varieties, but the timing of the treatment had a greater effect on the protein content than the amount of nitrogen used. In all treatment pairs, the later spreading yielded grains with a higher protein content than the earlier treatment. The differences varied from 0.3 to 1.9 percentage units (Table 2) . The protein content of the varieties differed significantly even on the zero-nitrogen plots. The greatest difference of all was between Pirkka and the low-protein variety Karri: 1.3 percentage units. The differences between the two-rowed varieties were much smaller only 0.4 percentage units between the two most divergent ones, Karri and Ingrid.
The varieties tested differed much more in their reactions to nitrogen fertilization, especially to the later timing of the treatment. Pirkka differed from the other varieties in that the lower nitrogen dose (30N) raised its crude protein content significantly.
In the two-rowed varieties, the differences in protein content were bigger between the two treatment times than between the two nitrogen doses. Ingrid differed from both Arvo and Karri, because it reacted very sensitively to the late nitrogen treatment. The increase of its crude protein content from zero nitrogen to the late-treatment 60N level was 3.3 percentage units, which was about twice that of Arvo (1.6 percentage units) or Karri (1.3 percentage units). Karri was the least sensitive to changes in nitrogen supply.
The annual fluctuations in the protein content were large (Table 3) . In 1967 all the varieties displayed high protein contents, averaging over 12 per cent, which was above the approved upper limit for brewing barley. Arvo exceeded this limit in all the fertilizer treatments. Ingrid was below the limit only in the zero-nitrogen plots, Karri also in the plots treated earlier with the lower nitrogen quantity. In 1969, all the two-rowed varieties yielded crops with protein contents of less than 10 per cent, regardless of their fertilization. However, the average protein content of the Pirkka variety was almost 13 per cent and even its minimum was 11.9 per cent.
Certain growth characteristics
Growing time. It is obvious that at the Northern limits of cereal cultivation, as in Finland, any method of fertilization that prolongs growing times is unsuitable. The general opinion is that nitrogen may be one of these factors. In fact, the earlier nitrogen treatment in our trials accelerated the heading of barley compared with both zero nitrogen and the later treatment (Table 4) . On the generative stage of growth, nitrogen treatment had little or no retarding effect. Nitrogen did not alter the total growing time of the different varieties to any notable degree. In Arvo and Karri there was a very slight trend towards quicker ripening with earlier fertilization than with a later spreading of the same amounts of fertilizer. Though the total growing time of the six-rowed Pirkka was a good ten days shorter than that of the two-rowed barleys, its growth rhythm was very similar, regardless of the treatment.
Straw length. The effect of nitrogen on the vegetative growth was largely the same as on the grain yield: early nitrogen treatment increased the straw length of all the varieties (Table 5 ). Karri and Pirkka reacted more noticeably than the other two varieties. Both Pirkka and Karri are known for their rather weak straw. No remarkable differences were noted in lodging, but this was due to the dry weather in all three summers. (The figures in the EEC paper represent averages for three two-rowed varieties, those for Finland refer to the standard variety, the two-rowed Kenia.) In Finland the placement of fertilizers has been found to be an efficient method of fertilizing because it improves the ability of plants to make effective use of the fertilizers (Pessi 1967 ). This method is also used widely for brewing barley cultivation, because it makes all the necessary nutrients rapidly available to the plants, including nitrogen. It also keeps the protein content down better than do conventional methods. In this study the placement of fertilizers was used in 1968 and 1969. This may have been part of the reason why the crude protein contents in those years were considerably lower than in 1967 even in plots treated early with nitrogen.
The liability of varieties to increase their protein content when higher doses of nitrogen fertilizer are given is partly due to genetic differences. In Finland, another important reason is the frequency of drought in the early summer, and the effect of such weather on the mineral soils that are otherwise more suitable for cultivating barley for brewing than humus-rich soils with a natural abundance of nitrogen reserves. 
